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Nearly a 50% decrease of resistivity ρ(T, x) (accompanied
by a 5% reduction of the peak temperature TC(x)) due to just
4% Cu doping on theMn site of La2/3Ca1/3Mn1−xCuxO3 is
observed. Attributing the observed phenomenon to the sub-
stitution induced decrease of the polaron energy Eσ(x) below
TC(x), all data are found to be well fitted by the nonther-
mal coherent tunneling expression ρ(T, x) = ρ0e
−γM2(T,x) as-
suming M(T, x) =MR(x) +M0(x) tanh
{√
[TC(x)/T ]
2 − 1
}
for the magnetization in the ferromagnetic state. The best
fits through all the data points yield M0(x) ≃
√
1− xM0(0),
MR(x) ≃
√
xM0(0), and Eσ(x) ≃ Eσ(0)(1 − x)4 for the
Cu induced modifications of the Mn spins dominated zero-
temperature spontaneous magnetization, the residual param-
agnetic contribution, and spin-polaron tunneling energy, re-
spectively, with Eσ(0) = 0.12eV and 2R ≃ 10A˚ for the spin-
polaron’s size.
PACS numbers: 71.30.+h, 75.50.Cc, 71.27.a
As is well known,1 the ground state of the highly mag-
netoresistive conductor La2/3Ca1/3MnO3 is ferromag-
netic (FM) and the paramagnetic-ferromagnetic transi-
tion is accompanied by a sharp drop in resistivity below
TC . Such a correlation is considered as a basic element for
the so-called magnetically induced electron localization
scenario2–4 in which the changes of observable resistiv-
ity at low temperatures are related to the corresponding
changes of the local magnetization, and a coherent non-
thermal tunneling charge carrier transport mechanism
dominates other diffusion processes.
The effects of elemental substitution on the proper-
ties of La2/3Ca1/3MnO3 have been widely studied in an
attempt to further shed some light on the underlying
transport mechanisms in this interesting material.5–13 In
particular, substitution of the rare-earth atoms (like Y or
Gd) on the La site leads to the lowering of the ferromag-
netic (and ”metal-insulator”) transition temperature TC
due mostly to the cation size mismatch.1,7,11–13 At the
same time, the reduction of TC and a rather substan-
tial drop of resistivity in the FM region due to Mn ions
replacement with metals (like Co or Ni) are ascribed
to a weakening of the Zener double-exchange interaction
between two unlike ions.1,13 In other words, similar to
the effects of an applied magnetic field,4 metal-ion dop-
ing was found13 to decrease the polaron tunneling energy
barrier (thus increasing the correlation length).
In this paper we present a comparative study of resis-
tivity measurements on two manganite samples from the
La2/3Ca1/3Mn1−xCuxO3 family for x = 0 and x = 0.04
and for a wide temperature interval (from 20K to 300K).
As we shall see, this very small amount of impurity leads
to a marked (factor of two) drop in resistivity value,
hardly understandable along the conventional scattering
theories. The data are in fact well fitted by a nonthermal
spin tunneling expression for the resistivity assuming a
magnetizationM(T, x) dependent charge carrier correla-
tion length L(M).
The samples examined in this study were prepared
by the standard solid-state reaction from stoichiometric
amounts of La2O3, CaCO3, MnO2, and CuO powders.
The necessary heat treatment was performed in air, in
alumina crucibles at 1300◦C for 2 days to preserve the
right phase stoichiometry. Powder X-ray diffraction pat-
terns are characteristic of perovskites. No appreciable
changes in the diffraction patterns induced by Cu doping
have been observed (suggesting thus that no structural
changes have occured after replacement of Mn by Cu).
Energy Dispersive X-ray microanalyses confirm the pres-
ence of copper on the manganese crystallographic sites.
The electrical resistivity ρ(T, x) was measured using
the conventional four-probe method. To avoid Joule and
Peltier effects, a dc current I = 1mA was injected (as a
one second pulse) successively on both sides of the sam-
ple. The voltage drop V across the sample was mea-
sured with high accuracy by a KT 256 nanovoltmeter.
Fig.1 presents the temperature dependence of the resis-
tivity ρ(T, x) for two La2/3Ca1/3Mn1−xCuxO3 samples,
with x = 0 and x = 0.04, respectively. Notice a rather
sharp (nearly a 50%) drop of resistivity (both near the
peak and on its low temperature side) for the doped
sample along with a small reduction of the transition
(peak) temperature TC(x) reaching TC(0) = 265K and
TC(0.04) = 250K, respectively.
Since no tangible structural changes have been ob-
served upon copper doping, the Jahn-Teller mechanism
can be safely ruled out and the most reasonable cause for
the resistivity drop in the doped material is the reduction
of the spin-polaron tunneling energy Eσ which within the
localization scenario2–4 is tantamount to an increase of
1
the charge carrier correlation length L =
√
2h¯2/mEσ
(here m is an effective polaron mass). In the FM region
(below TC(x)), the tunneling based resistivity reads
2–4
ρ[M(T, x)] = ρse
2R/L(M) where ρ−1s = e
2R2νphNm with
R being the tunneling distance (and 2R being a size of a
small spin polaron), νph the phonon frequency, and Nm
the density of available states. In turn, the correlation
length L(M) depends on the temperature and concen-
tration of copper x through the corresponding depen-
dencies of the magnetization M(T, x). Assuming, along
the main lines of conventional mean-field approximation
schemes3,4 that L(M) = L0/(1−M2/M2L) (with ML be-
ing a fraction of the saturated magnetization M(0)), we
arrive at the following expression for the tunneling dom-
inated resistivity
ρ(T, x) = ρ0e
−γM2(T,x), (1)
with ρ0 = ρse
2R/L0 and γ = 2R/L0M
2
L.
To account for the observed behavior of the resistivity,
we identify TC with the doping-dependent Curie temper-
ature TC(x), and consider that the temperature and x
dependence of the magnetization is the sum of a classical
Curie-Weiss contribution and a residual term, namely
M(T, x) =MR(x) +M0(x) tanh
{√
[TC(x)/T ]
2 − 1
}
.
(2)
Specifically, MR(x) is interpreted as a Cu induced para-
magnetic contribution while M0(x) accounts for the
deviation of the ferromagnetically aligned Mn mag-
netic moments of the undoped material in the pres-
ence of copper atoms. In fact, save for the MR(x)
term, Eq.(2) is an analytical (approximate) solution
of the well-known Curie-Weiss mean-field equation on
spontaneous magnetization, viz. M(T, x)/M(0, x) =
tanh {[M(T, x)/M(0, x)] (TC(x)/T )}. To exclude any ex-
trinsic effects (like grain boundary scattering), we con-
sider the normalized resistivity ∆ρ(T, x)/∆ρ(0, x) with
∆ρ(T, x) = ρ(T, x)−ρ(TC(x), x) and ρ(0, x) being the re-
sistivity taken at the lowest available temperature. Fig.2
depicts the above-defined normalized resistivity versus
the reduced temperature T/TC(x) for the two samples.
First of all, notice that the x = 0 and x = 0.04 data
merge both at low temperatures and above TC(x), while
starting from TC(x) and below the Cu-doped (squares)
and Cu-free (circles) samples follow different routes. On
the other hand, approaching TC(x) from low tempera-
tures, a (most likely) fluctuation driven4 crossover from
undoped to doped transport mechanism is clearly seen
near T/TC(x) ≃ 0.9. The solid lines are the best fits
through all the data points according to Eqs.(1) and
(2), yielding M0(0)/ML = 1.41
√
L0/2R, MR(0) = 0,
M0(0.04) = 0.98M0(0), and MR(0.04) = 0.06M0(0) for
the model parameters. Recalling that in our present
study the copper content is x = 0.04, the above esti-
mates can be cast into the following explicit x depen-
dencies of the residual MR(x) ≃
√
xM0(0) and spon-
taneous M0(x) ≃
√
1− xM0(0) magnetizations, giving
rise to an exponential (rather than power) x dependence
of the observed resistivity ρ(T, x) (see Eqs.(1) and (2)).
Furthermore, assuming (as usual4) 2R/L0 ≃ 1 for the
(undoped) tunneling distance to correlation length ra-
tio and using the found value of the residual resistiv-
ity ρ(TC(0), 0) = ρ0 ≃ 3.5mΩm, the density of states2
Nm ≃ 9 × 1026m−3eV −1 and the phonon frequency4
νph ≃ 2 × 1013s−1 (estimated from Raman shift for
optical Mn − O modes), we obtain R ≃ 5A˚ for an
estimate of the tunneling distance (corresponding to
2R ≃ 10A˚ for a spin-polaron’s size) which in turn re-
sults in L0 ≃ 10A˚ (using a free electron approxima-
tion for a polaron’s mass m) and Eσ(0) ≃ 0.12eV for
a zero-temperature copper-free carrier charge correlation
length and the spin-polaron tunneling energy, respec-
tively, both in good agreement with reported1–4,7,9,13 es-
timates of these parameters in other systems. Based on
the above estimates, we can roughly estimate the cop-
per induced variation of the correlation length L(x) and
the corresponding spin polaron tunneling energy Eσ(x).
Indeed, according to the earlier introduced definitions,
L[M(TC(x))] = L0/(1−M2R(x)/M2L) ≃ L0/(1− 2x) and
Eσ(x) ∝ L−2(x) which lead to L(x) ≃ L(0)/(1−x)2 and
Eσ(x) ≃ Eσ(0)(1 − x)4 for small enough x. These ex-
plicit x dependencies (along with the composition varia-
tion of the transition temperature TC(x) ≃ TC(0)(1−x))
remarkably correlate with the Co induced changes in
La2/3Ca1/3Mn1−xCoxO3 recently observed by Rubin-
stein et al.13
Interestingly, the above-obtained estimates agree very
well with the observed peak (at TC(x)) and residual (at
T → 0) resistivities defined through the model parame-
ters as follows (see Eqs.(1) and (2))
ρ(TC(x), x) = ρ0e
−γM2
R
(x), (3)
and
ρ(0, x) = ρ0e
−γM2(0,x), (4)
with ρ0, MR(x), and M(0, x) defined earlier. This pro-
vides thus an elegant self-consistency check for the em-
ployed interpretation.
In summary, a rather substantial drop in resistivity
ρ(T, x) of La2/3Ca1/3Mn1−xCuxO3 sample upon just
4% Cu doping is reported. Along with lowering the Curie
point TC(x), the copper substitution is argued to add a
small paramagnetic contributionMR(x) to the Mn spins
dominated spontaneous magnetizationM of the undoped
material leading to a small decrease of the spin-polaron
tunneling energy Eσ(x). However, due to the tunneling
dominated carrier transport process, this small amount
of impurity is sufficient for the drastical changes in resis-
tivity absolute value across the whole temperature range.
The temperature and x dependencies of the observed re-
2
sistivity was found to be rather well fitted by a nonther-
mal coherent tunneling of spin polarons with a heuristic
expression for the magnetization M(T, x) in the ferro-
magnetic state (as an approximate analytic solution of
the mean-field Curie-Weiss equation), resulting in the
exponential (rather than linear) doping dependence of
ρ(T, x).
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FIG. 1. Temperature behavior of the observed resistivity
ρ(T, x) in La2/3Ca1/3Mn1−xCuxO3 for x = 0 (circles) and
x = 0.04 (squares).
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FIG. 2. The temperature dependence of the normalized re-
sistivity ∆ρ(T, x)/∆ρ(0, x) in La2/3Ca1/3Mn1−xCuxO3 for
x = 0 (circles) and x = 0.04 (squares) as a function of the
reduced temperature T/TC(x). The solid lines through all the
data points are the best fits according to Eqs.(1) and (2).
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